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COMMUNICATION CONTROL METHOD,
RADIO COMMUNICATION SYSTEM, RADIO
BASE STATION AND USER TERMINAL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of U.S.
patent application Ser. No. 14/405,279 filed Dec. 3, 2014,
which 1s a national stage application of PCT/JP2013/065056
filed May 30, 2013, which claims priority to JP 2012-127184
filed Jun. 4, 2012. These applications are hereby incorpo-
rated by reference 1n their entirety.

TECHNICAL FIELD

The present invention relates to a communication control
method, a radio communication system, a radio base station
and a user terminal that are applicable to cellular systems
and so on.

BACKGROUND

In a UMTS (Umversal Mobile Telecommunications Sys-

tem) network, attempts are made to optimize features of the
system, which are based on W-CDMA (Wideband Code

Division Multiple Access), by adopting HSDPA (High
Speed Downlink Packet Access) and HSUPA (High Speed
Uphnk Packet Access), for the purposes of improving spec-
tral efliciency and improving the data rates. With this UMTS
network, long-term evolution (LTE) 1s under study for the
purposes of further increasing high-speed data rates, pro-
viding low delay, and so on (non-patent literature 1).

In a third-generation system, 1t 1s possible to achieve a

transmission rate of maximum approximately 2 Mbps on the
downlink by using a fixed band of approximately 5 MHz.
Meanwhile, 1n an LTE system, it 1s possible to achieve a
transmission rate of about maximum 300 Mbps on the
downlink and about 75 Mbps on the uplink by using a
variable band, which ranges from 1.4 MHz to 20 MHz. Also,
in the UMTS network, successor systems of the LTE system
(referred to as, for example, “LTE-Advanced” or “LTE
enhancement” (hereinafter referred to as “LTE-A”)) are
under study for the purpose of achieving further broadban-
dization and increased speed.
In radio communication, as uplink (UL) and downlink
(DL) duplexing methods, there are frequency division
duplexing (FDD), which divides between the uplink and the
downlink based on frequency, and time division duplexing
(TDD), which divides between the uplink and the downlink
based on time. In the event of TDD, the same frequency 1s
applied to uplink and downlink transmission, so that the
uplink and the downlink are divided based on time and
transmitted from one transmitting point. Since the same
frequency 1s used between the uplink and the downlink, a
transmitting point (radio base station) and a user terminal
both have to switch between transmission and reception
alternately.

Also, mn TDD in the LTE system, frame configurations
(transmission ratios between uplink subframes and down-
link subirames (DL/UL configurations)) to support a plural-
ity of different types of asymmetrical uplink/downlink
resource allocation are defined (see FIG. 1). In the LTE
system, as shown in FIG. 1, seven frame configurations,
namely DL/UL conﬁgurations 0 to 6, are defined, where
subirames #0 and #5 are allocated to the downlink and
subiframe #2 1s allocated to the uplink. Also, to prevent
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interference between transmitting points (or between cells),
the same DL/UL configuration 1s applied between neigh-
boring transmitting points.

CITATION LIST

Non-Patent Literature

Non-Patent Literature 1: 3GPP, TR25.912 (V7.1.0), “Feasi-
bility Study for Evolved UTRA and UTRAN,” September
2006

SUMMARY OF INVENTION

However, in TDD 1n the LTE-A system, 1n order to allow
ellicient use of radio resources, a study 1s 1n progress to
change the transmaission ratio of DL and UL dynamically or
semi-statically 1n the time domain, per transmitting/recerv-
ing point—that 1s, change the DL/UL configuration to apply
on a per transmitting/receiving point basis. When difierent
DL/UL configurations are applied between neighboring
transmitting/receiving points, cases might occur where, in
the same time region/frequency region, a DL subirame and
a UL subiframe are transmitted at the same time between
neighboring transmitting/recerving points (cases where an
uplink signal and a downlink signal are transmitted at the
same time).

In this case, depending on the location and transmission
power of each transmitting/receiving point (or user terminal)
and so on, there 1s a threat that interference 1s produced
between transmitting/receiving points and between user
terminals, and the performance of communication quality
deteriorates.

The present invention has been made in view of the
above, and 1t 1s therefore an object of the present mnvention
to provide communication control method, a radio commu-
nication system, a radio base station and a user terminal that
can reduce the deterioration of communication quality even
when different DL/UL configurations are applied between
neighboring transmitting/receiving points (radio base sta-
tions).

The communication control method of the present mnven-
tion 1s a communication control method in a radio commu-
nication system in which a plurality of radio base stations
that communicate with a user terminal by means of time
division duplexing each change a DL/UL configuration
independently, and this communication control method
includes the steps 1n which each radio base station generates

a control signal that designates the number and positions of
subirames to be allocated for DL and/or UL transmission
among subirames constituting a radio frame, and transmits
the control signal to the user terminal on a downlink control
channel of a specific subiframe constituting the radio frame.

According to the present invention, 1t 1s possible to reduce
the mmpact of interference even when different DL/UL
configurations are applied between neighboring transmit-

ting/receiving points (radio base stations).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram to explain examples of DL/UL
configurations 1n TDD;

FIG. 2A provides a diagram to show an example of a radio
communication system in accordance with one or more
embodiments disclosed herein;
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FIG. 2B provides a diagram to shown an example where
different DL/UL configurations are applied between neigh-

boring radio base stations in the radio communication sys-
tem of FIG. 2A:

FIG. 3 1s a diagram to explain an example of a radio
communication system according to one or more embodi-
ments;

FIG. 4 1s a diagram to explain an example of a radio frame
for reporting DL/UL subirame information in a radio com-
munication system according to one or more embodiments;

FIG. 5 1s a diagram to explain an example of a DL
subirame 1nformation management table 1n a radio commu-
nication system according to one or more embodiments;

FIG. 6 1s a diagram to explain an example of a UL
subirame 1nformation management table 1n a radio commu-
nication system according to one or more embodiments;

FIG. 7 1s a diagram to explain example of a DL/UL
subirame 1nformation management table 1n a radio commu-
nication system according to one or more embodiments;

FIG. 8 1s an example of a sequence diagram to show a
communication control method 1n a radio communication
system according to one or more embodiments;

FIG. 9 15 a diagram to explain an overall configuration of
a radio base station;

FIG. 10 1s a functional block diagram corresponding to a
baseband processing section of a radio base station;

FI1G. 11 15 a diagram to explain an overall configuration of
a user terminal; and

FIG. 12 1s a functional block diagram corresponding to a
baseband processing section of a user terminal.

DESCRIPTION OF EMBODIMENTS

First, an example of a radio communication system where
the present embodiment 1s applied will be described with
reference to FIG. 2A. The radio commumnication system
shown 1 FIG. 2A i1s formed to include a plurality of
transmitting/receiving points (here, radio base stations #1
and #2), and user terminals #1 and #2 that communicate with
radio base stations #1 and #2.

Also, 1n this radio communication system, radio commu-
nication between radio base station #1 and user terminal #1
(between radio base station #2 and user terminal #2) 1s
conducted by means of time division duplexing (TDD). That
1s, 1n radio base stations #1 and #2, the same Irequency
regions are applied to DL and UL transmission, and trans-
mission from each radio base station 1s conducted by divid-
ing between DL and UL 1n the time domain.

In this case, as noted earlier, if different DL/UL configu-
rations are applied between neighboring radio base stations
#1 and #2, there 1s a threat of deterioration of communica-
tion quality performance due to interference between radio
base stations #1 and #2 and interference between user
terminals #1 and #2 in predetermined subirames.

For example, when, as shown i FIG. 2B, radio base
station #1 adopts DL/UL configuration 1 and radio base
station #2 adopts DL/UL configuration 2 1n a given period
(here, 1n one radio frame), 1n subirames #3 and #8, radio
base station #1 carries out UL transmission while radio base
station #2 carries out DL transmission. That 1s, 1n the same
time regions and in the same frequency regions, downlink
signals are transmitted from radio base station #2 to user
terminal #2, while uplink signals are transmitted from user
terminal #1 to radio base station #1.

In this case, the signals that are transmitted from user
terminal #2 to radio base station #2 become interference
against the uplink signals transmitted from user terminal #1
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to radio base station #1 (interference between radio base
stations #1 and #2). Also, the uplink signals that are trans-
mitted from user terminal #1 to radio base station #1 become
interference against the downlink signals transmitted from
radio base station #2 to user termunal #2 (interference
between user terminals #1 and #2). As a result of this, there
1s a threat that the recerved quality of radio base station #1
and the received quality of user terminal #2 lower 1n
subirames #3 and #8.

S0, the present inventors have found out that, by allowing
cach radio base station to adequately control the DL/UL
configuration taking into account the level of interference
between transmitting/receiving points (radio base stations)
or between user terminals, 1t 1s possible to reduce the
deterioration of communication quality even when difierent
DL/UL configurations are applied between neighboring
transmitting/receiving points.

Now, the present embodiment will be described below 1n
detail with reference to the accompanying drawings. Note
that an example with two transmitting/receiving points (ra-
dio base stations) will be shown 1n the following description
for ease of explanation. However, the number of transmiut-
ting/receiving points which the present invention can
employ 1s not limited to this and can be changed as appro-
priate.

FIG. 3 shows an example of a radio communication
system according to the present embodiment. The radio
communication system of FIG. 3 1s formed to include a
plurality of transmitting/recerving points (here, radio base
stations #1 and #2) and user terminals #1 and #2 that are
connect to radio base stations #1 and #2, respectively. Note
that radio base stations #1 and #2 are able to communicate
information with each other through wire connection such as

optical fiber and so on, or through wireless connection.

To radio communication between radio base station #1
and user terminal #1 and between radio base station #2 and
user terminal #2, time division duplexing (TDD) 1s applied.
Also, 1 the radio communication system shown 1n FIG. 3,
radio base stations #1 and #2 separately (independently)
change and control the DL/UL transmission ratio (DL/UL
configuration) in the time domain. In this case, radio base
stations #1 and #2 each select an arbitrary DL/UL configu-
ration from DL/UL configurations that are provided in
advance. Note that the details of the DL/UL configurations
selected 1n radio base stations #1 and #2 will be described
later.

When different DL/UL configurations are applied
between neighboring radio base stations #1 and #2, a down-
link signal and an uplink signal are transmitted 1n the same
frequency region/the same time region between the neigh-
boring radio base stations (or between cells). For example,
as shown 1n FIG. 3, for radio base station #1 that receives an
uplink signal from user terminal #1, a downlink signal that
1s transmitted from another radio base station #2 to user
terminal #2 becomes an interference signal. Because such
interference signals exist, the overall communication quality
of the radio communication system deteriorates.

So, with the radio communication system according to the
present embodiment, each radio base station communicates
with serving user terminals by dynamically switching the
DL/UL configuration to adopt on a per radio frame basis.
Based on the level of interference to receive from other radio
base stations, each radio base station requests changes of the
DL/UL configuration to other radio base stations. By this
means, each radio communication adopts a common DL/UL
configuration with other radio base stations and communi-
cates with serving user terminals. As a result of this, 1t 1s
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possible to reduce the impact of interference between radio
base stations and between user terminals, and reduce the
deterioration of the overall communication quality of the
radio communication system.

Upon switching the DL/UL configuration dynamically,
cach radio base station reports information related to sub-
frames for DL and/or UL transmission (hereinafter referred
to as “DL/UL subiframe information”) by means of, for
example, a downlink control channel (PDCCH, ePDCCH)
that 1s allocated to a specific subirame in a radio frame. This
DL/UL subframe information includes the number and posi-
tions of subirames for DL and/or UL transmission. By
demodulating this downlink control channel, the user ter-
minal can specily the subirames where the downlink data
channel (PDSCH) for that user terminal 1s allocated, the
subirames to allocate an uplink control channel (PUCCH)
and an uplink data channel (PUSCH) fto.

Note that the PDCCH (downlink control channel) 1s a
downlink control channel that 1s placed over a predeter-
mined number of OFDM symbols (one to three OFDM
symbols) from the top of a subframe, and 1s a control
channel that 1s time-division-multiplexed with the PDSCH
(downlink shared data channel). Also, the ePDCCH (also
referred to as “enhanced downlink control channel,”
“E-PDCCH.,” “Enhanced PDCCH,” “FDM-type PDCCH,”
“UE-PDCCH” and so on) 1s a control channel that i1s placed
to be frequency-division-multiplexed with the PDSCH.

FIG. 4 1s a diagram to explain an example of a radio frame
for reporting DL/UL subirame information in the radio
communication system according to the present embodi-
ment. For example, DL/UL subirame information may be
reported 1n the downlink control channel (PDCCH,
cPDCCH) that 1s allocated to the top subirame (subirame
#0) of a radio frame. In this way, by setting in advance a
specific subiframe 1n a radio frame as the subirame to
allocate DL/UL subirame information to, 1t 1s not necessary
to report the specific subirame to a user terminal 1n advance.
By this means, the control upon reporting DL/UL subirame
information from each radio base station to user terminals
can be simplified.

Note that the subirame to allocate DL/UL subirame
information to 1s by no means limited to subirame #0 at the
top. For example, DL/UL subiframe information may be
allocated to subirames other than top subirame #0 as well.
Also, 1t 1s possible to report the subirame where DL/UL
subirame information 1s allocated to user terminals through
broadcast signals, higher layer signaling (for example, RRC
signaling) and so on. In this way, by reporting a specific
subirame where DL/UL subirame information 1s allocated
by broadcast signals and RRC signaling, 1t 1s possible to
flexibly change the subiframe to allocate DL/UL subirame
information to, depending on the communication environ-
ment.

In the radio communication system according to the
present embodiment, the number and positions of subiframes
tor DL and/or UL transmission included 1n DL/UL subirame
information are determined in advance. For example, the
number and positions of subirames for DL and/or UL
transmission are managed by means of a table. In this
management table, subiframe positions are defined 1n asso-
ciation with numbers of subiframes for DL and/or UL
transmission. In this way, by determining the number and
positions of subframes for DL and/or UL transmission in
advance, it 1s not necessary to determine the number and
positions of subirames to be allocated for DL and/or UL
transmission every time a downlink control channel signal
(control signal) 1s generated. By this means, 1t becomes
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possible to simplify the process upon generating downlink
control channel signals. Also, it 1s possible to simplify the
control when selecting a DL/UL configuration that 1s com-
mon between radio base stations.

FIG. 5 and FIG. 6 are diagrams to explain examples of
DL/UL subframe information management tables 1n the
radio communication system according to the present
embodiment. FIG. 5 shows an example of a DL subirame
information management table. FIG. 6 shows an example of
a UL subiframe information management table. Note that the
configurations of the DL/UL subframe information manage-
ment tables are not limited to the contents shown in FIG. 5
and FIG. 6.

As shown 1n FIG. 5 and FIG. 6, 1n the management tables,
DL/UL configuration pattern indices (configuration pattern
indices ), numbers of subirames for DL or UL transmission,
and the mdices of subirames that are allocated as subframes
for DL or UL transmission (that 1s, the positions of sub-
frames for DL or UL transmission). Note that, in both
management tables, subirame #1 1s designated a special
subirame. Consequently, subirame #1 1s never allocated as
a subiframe for DL or UL transmission.

As shown in FIG. 5, in the DL subframe information
management table, when the number of subirames 1s one (in
the event of pattern index #0), a subirame for DL transmis-
sion 1s allocated to subirame #0 alone. Also, when the
number of subiframes i1s two (in the event of pattern index
#1), subirames for DL transmission are allocated to sub-
frames #0 and #3. Then, as the number of subirames
increases one by one, the number of subiframes where
subirames for DL transmission are allocated increases one
by one, from subiframe #4 onward. Note that when the
number of subirames 1s eight (1n the event of pattern index
#7), subiframes for DL transmission are allocated to all the
subirames except for subirame #1 and #2.

Meanwhile, as shown in FIG. 6, in the UL subirame
information management table, when the number of sub-
frames 1s one (1n the event of pattern index #10), a subiframe
for UL transmission 1s allocated to subframe #2 alone. Also,
when the number of subirames 1s two (1n the event of pattern
index #11), subframes for UL transmission are allocated to
subframes #2 and #3. Then, as the number of subframes
increases one by one, the number of subframe where sub-
frame for UL transmission are allocated increase one by one,
from subframe #4 onward. Note that, when the number of
subiframes 1s eight (in the event of pattern index #17),
subirame for UL transmission are allocated to all the sub-
frames except for subirame #0 and #1.

FIG. 7 shows an example of a management table to
manage both DL subiframe information and UL subirame
information. Note that FIG. 7 illustrates a case where three
or fewer pieces of UL subirame information are allocated. In
the management table shown in FIG. 7, the number of
subirames for DL transmission and the number of subirames
for UL transmission are defined as the number of subirames.
Also, 1n the management table shown 1n FIG. 7, subframes
for DL transmission are allocated 1n the same manner as 1n
the DL subiframe information management table shown in
FIG. 5, and subframes for UL transmission are allocated to
the other subiframes. When the numbers of subframes for DL
transmission and subirames for UL transmission are one and
three (in the event of pattern index #20), respectively, a
subirame for DL transmission 1s allocated to subiframe #0
alone, and subirames for UL transmission are allocated to
subframes #2 to #4. Meanwhile, when the numbers of
subirames for DL transmission and subiframes for UL trans-
mission are seven and two (in the event of pattern index
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#26), respectively, subirames for DL transmission are allo-
cated to subiframes #0 and #3 to #8, and subiframes for UL
transmission are allocated to subframes #2 and #9.

These management tables are managed 1n each radio base
station. That 1s, each radio base station shares these man-
agement tables. With the example shown 1n FI1G. 7, a DL/UL
subirame 1nformation management table 1n which three or
tewer pieces ol UL subiframe information are allocated is
shown. In addition to this, 1n each radio base station, a
DL/UL subirame information management table, in which
three or other numbers of pieces of UL subirame informa-
tion are allocated, 1s also shared.

Each radio base station separately (independently)
changes and controls the DL/UL configuration in the time
domain. In this case, each radio base station switches the
DL/UL configuration dynamically with reference to the
above management tables. For example, when interference
1s produced between transmitting/receiving points (radio
base station), a DL/UL configuration that 1s common with
other radio base stations 1s selected. Then, each radio base
station reports DL/UL subirame information that corre-
sponds to the selected DL/UL configuration to the serving
user terminals through a downlink control channel. To be
more specific, each radio base station transmits a control
signal to designate DL/UL subiframe information to the
serving user terminals through the downlink control chan-
nel.

The number and positions of subframes for DL transmis-
sion corresponding to the DL/UL configuration that 1s
selected may be included, for example, 1n a DL assignments
in the downlink control information (DCI) that 1s transmuitted
in the downlink control channel. In this way, by designating
the number and positions of subirames for DL transmission
in a DL assignment within DCI, 1t 1s possible to report the
number and positions of subirames for DL transmission to
user terminals without having to make significant changes to
conventional specifications.

Meanwhile, the number and positions of subiframes for
UL transmission corresponding to the DL/UL conﬁguratlon
that 1s selected may be included, for example, 1n a UL grant
in downlink control information (DCI) that 1s transmitted 1n
the downlink control channel. In this way, by designating the
number and positions of subirames for UL transmission in
a UL grant within DCI, 1t 1s possible to report the number
and positions of subirames for UL transmission to user
terminals without having to make significant changes to
conventional specifications.

For example, when the DL/UL configuration of pattern
index #2 in the management table shown in FIG. § 1s
selected, each radio base station includes the number of
subirames (three) and their positions (subirames #0, #3 and
#4) 1n the DL assignment 1n downlink control information
(DCI). Also, when the DL/UL configuration of pattern index
#12 1n the management table shown in FIG. 6 is selected,
cach radio base station includes the number of subframes
(three) and their positions (subirames #2, #3 and #4) 1n the
UL grant in downlink control information (DCI). Further-
more, when the DL/UL configuration of pattern index #22 in
the management table shown in FIG. 7 1s selected, each
radio base station includes the number of subirames (three)
and their positions (subirames #0, #3 and #4) in the DL
assignment in downlink control information (DCI), and
includes the number of subirames (three) and their positions
(subiframes #2, #5 and #6) 1n the UL grant.

Now, an example of a sequence of a communication
control method 1n the radio communication system accord-
ing to the present embodiment will be described below with
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reference to FIG. 8. Here, a case will be described where
radio base station #1 shown in FIG. 3 reports a DL/UL
configuration change request (hereinaiter referred to simply
as “change request”) to another radio base station #2 based
on the level of interference from the other radio base station
#2. Note that, although a case will be shown with the
following description where radio base station #1 (the
interfered station i FIG. 3) transmits a change request
signal to another radio base station #2 (the interfering station
in FIG. 3), the other radio base station #2 1s also able to
perform the same processes as those by radio base station

#1.

First, radio base station #1 measures the level of inter-
ference from another radio base station #2 (step S101). Note
that the level of interference according to the present
embodiment refers to, for example, path loss, penetration
loss, antenna gain and so on. For example, the path loss of
an uplink channel (between radio base station #1 and user
terminal #1) may be measured. Note that when there 1s a
plurality of other radio base stations, the resulting level of
interference 1s the total value of the levels of interference
from this plurality of other radio base stations.

Also, 1 step S101, radio base station #1 determines
whether or not the level of interference that 1s measured 1s
greater than a predetermined reference value (threshold
value #1) regarding the level of interference. Threshold
value #1 1s the reference value for determining the impact of
interference from the other radio base station #2 to radio
base station #1. Radio base station #1 determines whether or
not to 1ssue a DL/UL configuration change request based on
this threshold value #1.

Note that the predetermined reference value (threshold
value #1) may be shared between radio base stations or may
differ between radio base stations. Also, the predetermined
reference value (threshold value #1) may be configured to be
reported to radio base station #1 by means of broadcast
signals, higher layer signaling (for example, RRC signaling)
and so on. Also, the predetermined reference value (thresh-
old value #1) may be reported to radio base station #1 via X2
signaling, optical fiber and so on. Besides, it 1s also possible
to memorize threshold value #1 1n a memory section of radio
base station #1 1n advance, so that radio base station #1 can
apply threshold value #1 that 1s memorized.

When the level of interference from the other radio base
station #2 1s greater than a predetermined reference value
(threshold value #1), downlink signals that are transmitted
from the other radio base station #2 have impact on radio
base station #1, which recerves uplink signals transmitted
from user terminal #1. In this case, radio base station #1
request a change of the DL/UL configuration to the other
radio base station #2 (step S102).

To be more specific, radio base station #1 transmits a
change request signal to request a change of the DL/UL
configuration to the other radio base station #2 so that the
other radio base station #2 adopts the same DL/UL configu-
ration as 1n radio base station #1. Note that this change
request signal includes the pattern index of the DL/UL
configuration after the change (that 1s, the same DL/UL
configuration as in radio base station #1).

The other radio base station #2, having received the
change request signal from radio base station #1, selects the
DL/UL configuration corresponding to the DL/UL configu-
ration pattern index included in the change request signal
(step S103). Also, mn step S103, radio base station #2
changes the presently adopted DL/UL configuration to the
DL/UL configuration that 1s selected.
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By this means, the DL/UL configuration that 1s adopted in
radio base station #2 1s changed to the same DL/UL con-
figuration as the DL/UL configuration adopted 1n radio base
station #1. Note that, 1n the DL/UL configuration after the
change, common DL transmission or UL transmission 1s
carried out 1n the same time regions and the same frequency
regions. Consequently, 1t 1s possible to reduce the interfer-
ence produced between radio base stations #1 and #2 and the
interference between user terminals #1 and #2.

Then, radio base stations #1 and #2 each generate a
control signal that designates DL/UL subirame information
corresponding to the DL/UL configuration to be adopted.
Then, the generated control signals are transmitted to serv-
ing user terminals #1 and #2 through the downlink control
channel of specific subirames 1n a radio frame. User termi-
nals #1 and #2 receive these control signals, and analyze the
DL/UL subirame imformation that 1s designated 1n the con-
trol signals. After that, radio base stations #1 and #2 each
adopt a DL/UL configuration that reflects the change request
reported from the other radio base station, and conduct radio
communication with serving user terminals #1 and #2 (steps
S104a and 1045).

With the radio communication system according to the
present embodiment, among subirames that constitute a
radio frame, a control signal to designate DL/UL subirame
information 1s transmitted on a downlink control channel of
a specific subiframe (for example, the top subirame) 1n that
radio frame. By this means, 1t 1s possible to change the
DL/UL configuration to adopt, dynamically, on a per radio
frame basis. As a result of this, even when different DL/UL
configurations are adopted between neighboring transmit-
ting/receiving points (radio base stations), 1t 1s still possible
to reduce the impact of interference between radio base
stations and between user terminals by adequately switching
and controlling the DL/UL configuration, and reduce the
deterioration of communication quality.

In particular, with the radio communication system
according to the present embodiment, when a change
request signal to request a change of the DL/UL configura-
tion 1s recerved from another radio base station, a control
signal to designate DL/UL subframe information 1s gener-
ated. Consequently, 1t 1s possible to switch the DL/UL
configuration only when 1t 1s necessary to change the DL/UL
configuration. As a result of this, i1t 1s possible to apply
different DL/UL configurations between neighboring trans-
mitting/receiving points (radio base stations) and still reduce
the 1impact of interference between radio base stations and
between user terminals as needed.

Now, the sequence shown in FIG. 8 will be described
using specific examples. Assume that, for example, 1n a
given period (here, one radio frame), radio base station #1
adepts the DL/UL configuration of pattern index #21 shown
in FIG. 7, and radio base station #2 adopts the DL/UL
cenﬁguratlen ol pattern index #22 shown 1n FIG. 7. In this
case, 1 subframe #4, radio base station #2 carries out DL
transmission, and radle base station #1 carries out UL
transmission. That 1s, 1n the same time regions and in the
same frequency regions, downlink signals are transmitted
from radio base station #2 to user terminal #2, while uplink
signals are transmitted from user terminal #1 to radio base
station #1.

The downlink signals that are transmitted from radio base
station #2 to user terminal #2 become interference against
the uplink signals transmitted from user terminal #1 to radio
base station #1 (interference between radio base stations #1
and #2). Also, the uplink signals that are transmitted from
user terminal #1 to radio base station #1 become interference
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against the downlink signals transmitted from radio base
station #2 to user terminal #2 (interference between user
terminals #1 and #2). Radio base station #1 measures these
interference levels (step S101). Assume here that the levels
ol interference that arise here are greater than a predeter-
mined reference value.

In this case, radio base station #1 transmits a change
request signal to request a change of the DL/UL configura-
tion to the other radio base station #2 so that the other radio
base station #2 adopts the same DL/UL configuration as in
radio base station #1 (step S102). This change request signal
includes pattern index #21 of the DL/UL configuration after
the change (that 1s, the same DL/UL configuration as 1n radio
base station #1).

The other radio base station #2 selects the DL/UL con-
figuration corresponding to DL/UL configuration pattern
index #21 1ncluded 1n this change request signal (step S103).
Then, the other radio base station #2 adopts the selected
DL/UL configuration as the DL/UL configuration then and
later. In this case, the DL/UL configurations to be adopted 1n
radio base station #1 and radio base station #2 both become
the DL/UL configuration of pattern index #21 shown in FIG.
7. By this means, in subiframe #4, which 1s the source of
interference, radio base station #1 and radio base station #2
carry out UL transmission. Consequently, the interference
that 1s produced between radio base stations #1 and #2 and
the interference produced between user terminals #1 and #2
are reduced.

Then, radio base stations #1 and #2 each generate a
control signal to designate DIL/UL subframe information
that corresponds to the DL/UL configuration of pattern index
#21. Then, the generated control signals are transmitted to
serving user terminals #1 and #2 1n the downlink control
channel of a specific subiframe 1 a radio frame. User
terminals #1 and #2 receive these control signals and ana-
lyze the DL/UL subirame information designated by the
control signals. After that, radio base stations #1 and #2 each
adopt the DL/UL configuration of pattern index #21 shown
in FIG. 7, and conduct radio communication with serving
user terminals #1 and #2 (steps S104a and 1045).

An overall configuration of a radio base station 20 accord-
ing to the present embodiment will be described with
reference to FIG. 9. As shown in FIG. 9, the radio base
station 20 has transmitting/receiving antennas 201, ampli-
tying sections 202, transmitting/receiving sections (trans-
mitting sections/receiving sections) 203, a baseband signal
processing section 204, a call processing section 205, and a
transmission path interface 206. Transmission data that 1s
transmitted from the radio base station 20 to user terminals
on the downlink 1s 1nput from the higher station apparatus,
into the baseband signal processing section 204, via the
transmission path interface 206.

In the baseband signal processing section 204, a downlink
data channel signal 1s subjected to a PDCP layer process,
division and coupling of transmission data, RLC (Radio link
Control) layer transmission processes such as an RLC
retransmission control transmission process, MAC (Medium
Access Control) retransmission control, including, for
example, an HARQ transmission process, scheduling, trans-
port format selection, channel coding, an inverse fast Fourier
transform (IFFT) process, and a precoding process. Further-
more, a signal of a physical downlink control channel, which
1s a downlink control channel, 1s also subjected to transmis-
s1on processes such as channel coding and an inverse fast
Fourier transform.

Also, the baseband signal processing section 204 reports
control 1nformation for allowing each user terminal to
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perform radio communication with the radio base station 20,
to the user terminals connected to the same cell, by a
broadcast channel. The mformation for allowing communi-
cation 1 the cell includes, for example, the uplink or
downlink system bandwidth, root sequence identification
information (root sequence indices) for generating random
access preamble signals 1n the PRACH (Physical Random
Access Channel), and so on.

Baseband signals that are output from the baseband si1gnal
processing section 204 are converted into a radio frequency
band 1n the transmitting/recerving sections 203. The ampli-
tying sections 202 amplity the radio frequency signals
having been subjected to frequency conversion, and output
the results to the transmitting/recerving antennas 201.

Meanwhile, as for signals to be transmitted from user
terminals to the radio base station 20 on the uplink, radio
frequency signals that are received in the transmitting/
receiving antennas 201 are amplified 1 the amplifying
sections 202, converted into baseband signals through fre-
quency conversion in the transmitting/receiving sections
203, and imput in the baseband signal processing section
204.

The baseband signal processing section 204 performs an
FFT process, an IDFT process, error correction decoding, a
MAC retransmission control receiving process, and RLC
layer and PDCP layer receiving processes of the transmis-
s1on data that 1s included 1n the baseband signals received on
the uplink. The decoded signals are transferred to the higher
station apparatus through the transmission path interface
206.

The call processing section 205 performs call processing
such as setting up and releasing communication channels,
manages the state of the radio base station 20 and manages
the radio resources.

FIG. 10 1s a block diagram to show a configuration of a
baseband signal processing section 1n the radio base station
shown 1 FIG. 9. The baseband signal processing section
204 1s primarily formed with a layer 1 processing section
2041, a MAC processing section 2042, an RLC processing
section 2043, an interference level measurement section
2044, a change request signal generating section 2045, a
DL/UL configuration selection section 2046 and a control
signal generating section 2047. Note that the control signal
generating section 2047 constitutes a signal generating sec-
tion.

The layer 1 processing section 2041 mainly performs
processes related to the physical layer. For example, the
layer 1 processing section 2041 applies processes to signals
received on the uplink, including channel decoding, a dis-
crete Fourier transform (DFT), frequency demapping, an
inverse fast Fourier transform (IFFT), data demodulation
and so on. Also, the layer 1 processing section 2041 per-
forms processes for signals to transmit on the downlink,
including channel coding, data modulation, frequency map-
ping and an mnverse fast Fourier transform (IFFT) and so on.

The MAC processing section 2042 performs processes for
signals that are recerved on the uplink, including MAC layer
retransmission control, scheduling for the uplink/downlink,
transport format selection for the PUSCH/PDSCH, resource
block selection for the PUSCH/PDSCH, and so on.

The RLC processing section 2043 performs, for packets
that are received on the uplink/packets to transmit on the
downlink, packet division, packet combining, RLC layer
retransmission control and so on.

The interference level measurement section 2044 mea-
sures the level of interference from other radio base stations.
For example, with the example shown in FIG. 3, the
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interference level measurement section 2044 1n radio base
station #1 measures the level of interference from another
radio base station #2. For the measurement of the level of
interference, path loss, penetration loss, antenna gain and so
on may be used, and, for example, the path loss of an uplink
channel (between radio base station #1 and user terminal #1)
may be measured.

Based on the interference level measured in the interfer-
ence level measurement section 2044, the change request
signal generating section 2045 generates a change request
signal to request a change of the DL/UL configuration to the
other base station. For example, with the example shown 1n
FIG. 3, the change request signal generating section 2045 1n
radio base station #1 determines whether or not the level of
interference from the other radio base station #2 1s greater
than a predetermined reference value (threshold value #1),
and, 11 1t 1s, generates a change request signal.

In this case, the change request signal generating section
2045 1n radio base station #1 generates a change request
signal to request a change of the DL/UL configuration to the
other radio base station #2 so that the other radio base station
#2 adopts the same DL/UL configuration as in radio base
station #1. Note that this change request signal includes a
DL/UL configuration pattern index that 1s determined 1n
advance (see FIG. 5 to FIG. 7). For example, the change
request signal generating section 2043 specifies a DL/UL
configuration pattern index with reference to the manage-
ment tables shown 1n FIG. 5 to FIG. 7. The change request
signal generated 1n the change request signal generating
section 2045 1s transmitted to the other radio base station #2
by wire or by wireless.

The DL/UL configuration selection section 2046 selects a
DL/UL configuration based on the change request signal
transmitted from the other radio base station. To be more
specific, the DL/UL configuration selection section 2046
selects a DL/UL configuration in accordance with the
DL/UL configuration pattern index designated in the change
request signal. For example, the DL/UL configuration selec-
tion section 2046 selects DL/UL configuration with refer-
ence to the management tables shown i FIG. 5 to FIG. 7.

Based on the DL/UL configuration selected in the DL/UL
configuration selection section 2046, the control signal
generating section 2047 generates a control signal (downlink
control channel signal: PDCCH, ePDCCH) that designates
DL/UL subirame imnformation in a radio frame. The DL/UL
subirame 1information includes the number and positions of
subiframes for DL and/or UL transmission. For example,
when the DL/UL configuration of pattern index #22 1in the
management table shown 1n FIG. 7 1s selected, the control
signal generating section 2047 generates a control signal
which includes the number of DL subirames (three) and
their positions (subirames #0, #3 and #4) 1n the DL assign-
ment 1n downlink control information (DCI), and the num-
ber of UL subirames (three) and their positions (subframes
#2, #5 and #6) 1n the UL grant.

The control signal generated 1n the control signal gener-
ating section 2047 1s output to the layer 1 processing section
2041. The layer 1 processing section 2041 allocates this
control signal to the downlink control channel (PDCCH,
cPDCCH) of a specific subirame constituting the radio
frame. For example, the layer 1 processing section 2041
allocates a control signal that designates DL/UL subirame
information to the downlink control channel (PDCCH,
cPDCCH) of subirame #0, which 1s at the top of the radio
frame. This control signal 1s transmitted to the user terminals
via the transmitting/receiving section 203 as transmission
sections.
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Next, an overall configuration of a user terminal accord-
ing to the present embodiment will be described with
reference to FIG. 11. As shown 1in FIG. 11, a user terminal
10 has transmitting/receiving antennas 101, amplifying sec-
tions 102, transmitting/recerving sections (transmitting sec-
tions/receiving sections) 103, a baseband signal processing
section 104, and an application section 105.

As for downlink data, radio frequency signals that are
received 1n the transmitting/recerving antennas 101 are
amplified in the amplifying sections 102, and converted into
baseband signals through frequency conversion in the trans-
mitting/recerving sections 103. The baseband signals are
subjected to an FFT process, error correction decoding a
retransmission control receiving process and so on in the
baseband signal processing section 104. In this downlink
data, downlink transmission data 1s transferred to the appli-
cation section 105. The application section 105 performs
processes related to higher layers above the physical layer
and the MAC layer, and so on. Also, 1n the downlink data,

broadcast information 1s also transierred to the application
section 105.

Meanwhile, uplink transmission data 1s mput from the
application section 105 1nto the baseband signal processing
section 104. The baseband signal processing section 104
performs a mapping process, a retransmission control
(HARQ) transmission process, channel coding, a DFT pro-
cess, and an IFFT process. Baseband signals that are output
from the baseband signal processing section 104 are con-
verted 1mnto a radio frequency band in the transmitting/
receiving sections 103. After that, the amplifying sections
102 amplify the radio frequency signals having been sub-
jected to frequency conversion, and transmit the results from
the transmitting/recerving antennas 101.

FIG. 12 1s a block diagram to show a configuration of a
baseband signal processing section in the user terminal
shown 1n FIG. 11. As shown in FIG. 12, the baseband signal
processing section 104 i1s primarily formed with a layer 1
processing section 1041, a MAC processing section 1042, an
RLC processing section 1043, and a subiframe information
analyzing section 1044,

The layer 1 processing section 1041 mainly performs
processes related to the physical layer. The layer 1 process-
ing section 1041, for example, performs processes for a
signal that 1s recelved on the downlink, including channel
decoding, a discrete Fourier transform (DFT), frequency
demapping, an mnverse fast Fourier transform (IFFT), data
demodulation and so on. Also, the layer 1 processing section
1041 performs processes for a signal to transmit on the
uplink, including channel coding, data modulation, 1fre-
quency mapping, an mverse Fourier transform (IFFT), and
SO On.

For example, when the subirame to designate DL/UL
subirame information 1s allocated to subirame #0 at the top
of a radio frame, the layer 1 processing section 1041
demodulates the control signal allocated to the downlink
control channel of this subirame. Then, the demodulation
result 1s output to the subirame information analyzing sec-
tion 1044. Note that, when the subirame to designate DL/UL
subirame 1nformation 1s reported by means of a broadcast
signal, RRC signaling and so on, the control signal allocated
to the downlink control channel of the reported subirame 1s
demodulated, and that demodulation result 1s output to the
subirame information analyzing section 1044.

The MAC processing section 1042 performs, for a signal
that 1s received on the downlink, MAC layer retransmission
control (HARQ) and an analysis of downlink scheduling

information (specitying the PDSCH transport format, speci-
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tying the PDSCH resource blocks and so on), and so on.
Also, the MAC processing section 1042 performs, for a
signal to transmit on the uplink, MAC retransmission con-
trol, and an analysis of uplink scheduling information
(specitying the PUSCH transport format, speciiying the
PUSCH resource blocks and so on), and so on.

The RLC processing section 1043 performs, for packets
received on the downlink/packets to transmit on the uplink,
packet division, packet combiming, RLC layer retransmis-
sion control, and so on.

The subframe information analyzing section 1044 ana-
lyzes the DL/UL subframe information designated by the
control signal, from the demodulation result received as
input from the layer 1 processing section 1041. For example,
the subirame information analyzing section 1044 acquires
the number and positions of subirames for DL transmission
from the DL assignment 1n the DCI of the control signal.
Also, the subirame information analyzing section 1044
acquires the number and positions of subirames for UL
transmission from the UL grant in the DCI of the control
signal.

The DL/UL subirame information analyzed in the sub-
frame 1mnformation analyzing section 1044 1s output to the
layer 1 processing section 1041. The layer 1 processing
section 1041 applies processes to the signal received 1n the
subiframes for DL transmission designated by the DL/UL
subframe 1nformation, including channel decoding, a dis-
crete Fourier transform (DFT), frequency demapping, an
inverse fast Fourier transform (IFFT), data demodulation
and so on. Also, the layer 1 processing section 1041 applies
processes to the signal to transmit 1n the subirames for UL
transmission designated by the DL/UL subirame informa-
tion, including channel coding, data modulation, frequency
mapping, an inverse Fourier transform (IFFT), and so on.

As has been described above, with the radio communi-
cation system according to the present embodiment, even
when diflferent DL/UL configurations are adopted between
neighboring radio base stations, each radio base station 20
communicates with serving user terminals 10 by switching
the DL/UL configuration to adopt on a per radio frame basis.
For example, each radio base station 20 selects a common
DL/UL configuration with other radio base stations based on
the level of interference received from the other radio base
stations, and communicates with serving user terminals 10.
By this means, 1t 1s possible to reduce the impact of
interference between radio base stations 20 and between
user terminals 10, and reduce the deterioration of the overall
communication quality of the radio communication system.

Now, although the present invention has been described 1n
detail with reference to the above embodiment, it should be
obvious to a person skilled in the art that the present
invention 1s by no means limited to the embodiment
described herein. The present invention can be implemented
with various corrections and 1n various modifications, with-
out departing from the spirit and scope of the present
invention defined by the recitations of the claims. Conse-
quently, the descriptions herein are provided only for the
purpose of explaining examples, and should by no means be
construed to limit the present invention in any way.

The disclosure of Japanese Patent Application No. 2012-
127184, filed on Jun. 4, 2012, including the specification,
drawings and abstract, 1s incorporated herein by reference 1n
its entirety.

The mnvention claimed 1s:

1. A user terminal performing communication 1 a cell
where downlink (DL) and uplink (UL) configurations vary

in a time direction, the user terminal comprising:
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a receiver that recerves downlink control information
transmitted on a downlink control channel; and

a processor that determines a number and positions of
time regions, including at least one subirame, to be
allocated for DL based on a configuration pattern index
in the downlink control information indicating DL

assignment,
wherein the configuration pattern index represents a loca-

tion of the DL assignment.

2. The user terminal according to claim 1, wherein the
processor determines a number and positions of time
regions, including at least one subirame, to be allocated for
the UL based on the configuration pattern index in the
downlink control information indicating UL grant.

3. A radio base station performing communication with a
user terminal by using a cell where downlink (DL) and
uplink (UL) configurations vary in a time direction, the radio
base station comprising;:

a processor that generates downlink control information
including a configuration pattern index and information
to designate a number and positions of time regions,
including at least one subirame, to be allocated for DL
in the downlink control information indicating DL
assignment; and

a transmitter that transmits the downlink control informa-
tion to the user terminal on a downlink control channel,
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wherein the configuration pattern index represents a loca-

tion of the DL assignment.

4. The radio base station according to claim 3, wherein the
processor generates the downlink control information
including the configuration pattern index and information to
designate a number and positions of time regions, including
at least one subirame, to be allocated for the UL 1in the
downlink control information indicating UL grant.

5. A radio communication method for a user terminal
performing communication 1n a cell where downlink (DL)
and uplink (UL) configurations vary in a time direction, the
radio commumnication method comprising:

receiving downlink control information transmitted on a

downlink control channel; and
determiming a number and positions of time regions,
including at least one subiframe, to be allocated for DL
based on a configuration pattern index in the downlink
control information indicating DL assignment,

wherein the configuration pattern index represents a loca-
tion of the DL assignment.

6. The radio communication method according to claim 3,
wherein the user terminal determines a number and positions
of time regions, including at least one subirame, to be
allocated for the UL based on the configuration pattern index
in the downlink control information indicating UL grant.
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